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ABSTRACT 
The movement and posture disorder of cerebral palsy (CP) is presumed to mainly be a 
consequence of the motor disorder, but accompanying disturbances with sensations and 
perception have also been suggested to influence motor function. The aim was to investigate 
factors influencing standing posture in children with bilateral spastic CP (BSCP) with varying 
standing abilities. 
Three-dimensional motion analysis with surface electromyography was recorded to describe 
posture during three standing tasks: in a habitual standing position, while blindfolded, and 
during an attention-demanding task. Muscle strength in the lower limbs was measured with a 
hand-held dynamometer. Motor function was measured with the Gross Motor Function 
Measure. The children also underwent a neuro-ophthalmological examination. 
Almost half of the participants required hand-held support to stand. Investigation of standing 
posture verified a crouched body position during standing which was more obvious in the 
children who required hand-held support. Muscle strength measurements indicated that the 
children in both groups were equally strong in the lower limb muscles despite their variation 
in standing abilities. The children who stood with support were as capable to perform motor 
activities in lying, sitting and kneeling positions as the children who stood unsupported.  
Vision influenced posture differently depending on the children’s standing ability. During the 
attention demanding task, the children who stood unsupported stood more still and with less 
lower limb muscle activity. While blindfolded, they adapted their posture to the environmental 
change by activating muscles around the ankle with no changes in overall body position. In 
contrast, the children who required hand-held support to stand used another strategy; the 
already flexed body position became even more flexed, and muscle activity increased in the 
knee extensors while blindfolded, despite the use of external support.  
Motor disorders could not explain the support for standing or the crouched body position during 
standing. The children were equally strong in the lower limb muscles and had reasonably 
similar abilities to perform motor activities in positions with no requirement of standing on the 
feet opposing gravity. The crouched body position and the reduced ability to maintain posture 
while blindfolded indicate proprioception deficits in the children who required support. The 
increased quadriceps muscle activity could be an indication of compensatory co-contraction 
caused by perceptual impairments. That motor function difficulty arises in a standing position 
opposing gravity indicates that standing difficulties may be attributable to sensory and/or 
perceptual disturbances.  
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1 INTRODUCTION  
The heterogeneous condition of cerebral palsy (CP) is caused by an injury to the immature 
brain affecting movement and posture development. The attainment of standing and walking 
can be difficult and an assistive device to accomplish the tasks may be required for some 
children with CP. In this thesis the emphasis was on the role of possible sensory and perceptual 
disturbances for standing difficulties in children with CP, based on the concept of an interaction 
between action, perception and cognition 1. Aspects of muscle strength, vision and motor 
function on standing posture were investigated on the level of body functions and structures, 
and on activity and participation according to the International Classification of Functioning, 
Disability and Health (ICF) 2. For simplicity, both children and adolescents were referred to as 
children. 
 
1.1 CEREBRAL PALSY 
1.1.1 Definition  
Disorders of the development of movement and posture are the core features of CP. Previous 
definitions have focused on the motor impairment and its variability (Bax 1964, Mutch et al 
1992). Expanded knowledge about the impact of non-motor aspects and neurodevelopmental 
problems encountered in CP led to an expanded and more comprehensive definition that 
includes among others, disturbances of sensation and perception in the concept of CP. The 
nowadays widely established definition of CP by Rosenbaum et al. was published in 2007 3: 
“Cerebral palsy (CP) describes a group of permanent disorders of the development of 
movement and posture, causing activity limitation, that are attributed to non-progressive 
disturbances that occurred in the developing fetal or infant brain. The motor disorders of 
cerebral palsy are often accompanied by disturbances of sensation, perception, cognition, 
communication, and behaviour, by epilepsy, and by secondary musculoskeletal problems.”  
 
The movement and posture disorder of CP is a non-progressive condition which is based on 
natural history and specific characteristics that persists throughout a lifespan 3.  In the definition 
the various terms and concepts are clarified. “A group” refers to the heterogeneity of the 
condition both in terms of etiology and severity of the impairments. “Disorders” refers to 
disruptions of orderly child development. Moreover, “movement and posture” refer to 
abnormal gross and fine motor functioning and organization, reflecting abnormal motor 
control. For the term “activity limitation,” the concept of activity from the ICF is used, meaning 
the execution of a task. The accompanying disturbances of “sensation” refer to vision and other 
sensory modalities.  “Perception” refers to the capacity to incorporate and interpret sensory 
and/or cognitive information. 
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1.1.2 Prevalence and etiology  
With a prevalence at 2-3/1000 live births, CP is the most common childhood motor disability 
in developed countries 4; 5; 6. That means that about 250 children develop some form of CP in 
Sweden annually. The prevalence of CP has remained stable over time since the 1980s, even 
though a trend pointing to a decrease in the overall prevalence was recently reported 7. The 
development of CP has been related to low birth-weight and prematurity, with a higher 
prevalence among children born preterm 5; 6. However, most children with CP are born at term 
6.  
CP is caused by an injury in the developing child’s brain somewhere during pregnancy or up 
until two years of age 3. The etiology of the lesion varies, with a multifactorial concept 
including malformations, inflammations or cerebral circulatory disorders as likely causes 8; 9; 
10. More recently, genetic risk factors have also been reported 11. 
1.1.3 Classification  
The classification of CP includes four major components: the motor abnormalities, 
accompanying impairments, anatomic and radiological findings, and causation and timing 
according to the definition by Rosenbaum et al.3.  
Thus, the predominant motor abnormality should be diagnosed as being spastic, dyskinetic, or 
ataxic. Thereafter, the spastic type is recommended to be specified by the anatomical 
distribution as either unilateral or bilateral 12. The extent to which the individual is limited in 
their motor function ranges from being mild and barely noticeable to being severely limiting. 
The functional consequences of the motor abnormalities for the child should preferably be 
classified by using objective systems. For ambulation, children’s self-initiated movement, with 
an emphasis on sitting, transfer and mobility, the five levels of the Gross Motor Function 
Classification System (GMFCS) are widely employed 13; 14. In the age span from 6-12 years, 
children functioning at level I walk without limitations in all environments. They even perform 
running and jumping, but speed, balance and coordination are limited; meanwhile, children at 
level V are transported in a manual wheelchair (Table I). The children’s ability to use their 
hands in daily life activities is commonly classified with the five levels of the Manual Ability 
Classification System 15. Children functioning at level I handle objects easily and successfully, 
at most with limited speed and accuracy, whereas children at level V do not handle objects and 
have severely limited ability to perform even simple actions. In the heterogeneous condition of 
CP the motor problems can lead to difficulties with swallowing and feeding, communication, 
as well as coordinating eye movements. There is a similar scale for classifying communication, 
and the process of developing a system to classify vision is ongoing 16. The accompanying 
disturbances in, for example, vision, sensations, perception and attention are recommended to 
be classified as either being present or absent, and the extent to which the disorders interfere 
with the child’s activities in daily life should be described. There is continuous work on the 
development of classification systems based on the current understanding of the condition and 
its applicability of function in daily life 17. 
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Table I. The Gross Motor Function Classification System (GMFCS), general headings for each level 
GMFCS  
Level I Walks without limitations 
Level II Walks with limitations 
Level III Walks using a hand-held mobility device 
Level IV Self-mobility with limitations; may use powered mobility 
Level V Transported in a manual wheelchair 
 
Only when the component of cause is evident should causation and timing of the insult be 
noted. In many children with CP no identifiable cause of the injury can be found even though 
multiple risk factors may be present. It is recommended that all children with CP are examined 
with neuroimaging, preferably magnetic resonance tomography. 
1.1.3.1 Distribution of CP types  
Spasticity is by far the most common dominating neurological symptom, occurring in about 
80% of children diagnosed with CP. Among the children with CP, almost 45% have a 
diagnosis of unilateral CP, and around 35% have a bilateral diagnosis. Approximately 15% of 
the children have dyskinetic CP, while 5% have ataxia 6. About half of the children with CP 
have one or more additional disabilities such as impairment of cognitive capacity, seizure 
disorders, or visual impairments 18. 
 
1.2 MOVEMENT AND POSTURE 
Movements are functions associated with control over and coordination of voluntary 
movements 2. Based on the theories about motor control by Shumway-Cook et al., movement 
arises from an interaction between the individual, the task and the environment 19. Thereby, the 
ability to perform motor tasks such as sitting, standing or walking, is determined by the 
individual child’s capacity to meet environmental demands. Within each individual, complex 
dynamic processes including interaction of perception, cognition, and action are necessary to 
produce movements. Motor control is defined as the ability to regulate or direct the mechanisms 
essential to movement 1.  
Posture and balance as well as motor control are dynamic functions requiring a continuous 
interaction between the individual, the task, and the environment 20. Posture includes different 
aspects of motor coordination such as maintaining the body position with respect to the 
environment, controlling the center of body mass with respect to gravity, and stabilizing the 
body during voluntary movement 21.  
The ability to orient the body position in space is based on an interaction between three major 
sensory systems: the visual, the somatosensory and the vestibular systems 1; 21; 22. The visual 
system gives information from the close environment and is primarily involved in planning 
one’s locomotion 23.  
The somatosensory systems consist of a multitude of receptors which, through proprioceptive 
and cutaneous information in combination, sense the position of the body segments in relation 
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to each other, in contact with the environment and in relation to gravity 22. The different sensory 
receptors each respond differently to the somatosensory sensory stimulation. Proprioception is 
a sensory function of sensing the relative position of body parts according to ICF 2. 
Proprioception gives information about the relative position of the body segments in space – 
egocentric information – and is necessary for the control of movements 24. The 
mechanoreceptors in the muscles and tendons provide information about mechanical forces 
arising within the body itself. Proprioceptors in the muscles and tendons are specialized to 
detect change in muscle length and muscle tension 25. Cutaneous receptors give information 
derived from external stimuli such as hand-held support or active touching – exocentric 
information.  
Vestibular functions are sensory functions that are related to position, balance and movement2. 
The vestibular system has important sensory functions, contributing to perception of self-
motion, head position, and spatial orientation relative to gravity 22. For motor activities, its 
function is especially important for stabilization of gaze, head orientation and posture 22. 
Orientation to space comes from mental functions that produce awareness of one’s body in 
relationship to the immediate physical space 2. To organize perception and action, there are 
frames of reference that the body posture can be oriented to, depending on the task and its goal. 
The frames of reference can be visual, based on external cues in the close environment, or 
somatosensory, based on information from contact with external objects. In addition, the 
vestibular system detects gravity, the natural reference enabling perception of the vertical 21; 24; 
26. The brain constructs a spatially corrected framework to detect gravity with processed 
sensory information from the visual, somatosensory and vestibular systems 24. 
Perception is specific mental functions of recognizing and interpreting sensory stimuli 
including tactile and visuospatial perception according to ICF 2. Movement is considered 
tightly related to perception and action 19; 24. From theories by Berthoz, perception is more than 
interpretation of sensory information, it is an internal simulation of action 27. By analyzing 
information from the surrounding space, from the body position and from produced and 
received movements, perception is an internal simulation of action required for judging and 
anticipating movement 22. 
Attention is a specific mental functions of focusing on an external stimulus or internal 
experience for the required period of time, according to ICF 2. Attentional strategies determine 
the degree of attention given to a postural task when performing other tasks simultaneously 28. 
Regulatory mechanisms of postural control result from an interaction between visual, 
vestibular and somatosensory information, and the motor activity. In the case of unexpected 
perturbations, such as after a slip or trip, reactive responses in the hip, knee or ankle are used 
as a feedback strategy to control the body position in space in relation to the environment. To 
predict forthcoming movements as well as during voluntary movements, a feedforward strategy 
with anticipatory postural adjustments is used to stabilize body position in relation to the 
environment or the task 20; 21. Berthoz (2000) considered anticipation an internal simulation of 
movement that through a combination of proprioceptive, cutaneous, vestibular and visual 
receptors is attributed the sense of movement or kinesthesia (Figure 1) 22.  
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Figure 1. Sensory receptors contributing to the sense of movement (Berthoz 2000). The illustration is reprinted 
in accordance with the Copyright Guidelines, Harvard University Press. 
 
1.3 STANDING  
The basic function of maintaining a standing position opposing gravity is derived from a 
complex interaction between both sensory and motor systems 20. For the motor task of standing 
without support, posture and balance – postural control – are central. Postural control involves 
controlling the body position in space for stability and orientation 20; 21. 
 Postural stability is the ability to control the center of mass in relation to the base of 
support  
 Postural orientation is the active alignment of body segments with respect to each other 
and the maintenance of body position for a task with respect to the environment or with 
respect to gravity, and is a prerequisite for the ability to maintain a standing position  
1.3.1 Standing in cerebral palsy 
Typically, posture during standing has been investigated in children with mild CP and in terms 
of postural stability, including coordination of movement strategies following environmental 
changes during standing. Previous studies have shown that children with CP tend to have 
poorer balance, in terms of increased postural sway, during standing compared to typically 
developing (TD) children 29; 30; 31; 32. In studies investigating reactive postural control in 
response to perturbations, children with CP showed less complex movement strategies. They 
activated all joints simultaneously with altered patterns, tolerated slower speed before stepping, 
and required more time to recover from perturbations compared to TD children 33; 34. Moreover, 
the ability to foresee and adapt posture to predict movements is disturbed and less effective in 
both standing and in sitting in children with CP compared to TD children 35; 36; 37; 38.   
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Several studies have reported that children with mild CP and TD children appear to be equally 
dependent on vision for stability during standing; with occluded vision, postural sway increased 
to an equal extent in both groups 29; 30; 31. However, in the studies mentioned, some children 
with CP reacted to the occluded vision with more apparent instability than others, and the 
finding was related to sensory disturbances. Instability during standing was related to sensory 
disturbances in a study by Cherng et al. (1999), and with proprioceptive deficits in a study by 
Damiano et al. (2013) 29; 39. 
 
1.4 DISTURBANCES IN MOVEMENT AND POSTURE IN CEREBRAL PALSY 
The main features of  CP are disorders of movement and posture, reflecting motor control 
deficits with abnormal gross and fine motor functioning and organization 3. In children with 
the movement and posture disorders of cerebral palsy, the activity limitations are presumed to 
be a consequence of the motor disorders, however, the disorder is often accompanied by 
disturbances of sensation, perception, and cognition 3.  
The motor impairments appear early in a child’s life and can often be recognized before the 
age of 18 months, through observations of consistently abnormal postures and difficulties 
reaching motor milestones such as sitting, standing and walking 3; 40. The children’s ability to 
fulfill static and dynamic motor activities, from lying down to finally walking and running, is 
frequently assessed with the Gross Motor Function Measure (GMFM) 41. The instrument is a 
valid and reliable measure of a child’s motor capacity in a testing situation 42; 43. All items 
included in the measure are expected to be accomplished by a typically developing five-year-
old child 41. The items in the test that measure a sit-to-stand activity have been reported to be 
predictable for independent walking in young children with CP 44.  
Motor growth curves based on assessments with the GMFM related to age and gross motor 
classification, according to GMFCS levels, were developed and published in 2002 45. The 
curves can be used to evaluate and, to some extent predict motor development in children with 
CP 45. Within the curves, the commonly described heterogeneity of motor function both 
between and within the GMFCS levels, becomes visible. In some children with CP there is a 
discrepancy between motor capacity during a testing session and functional use in daily life 
activities that is not fully understood. Studies investigating mobility methods in various 
environments reported that children with CP used mobility methods requiring the most motor 
control such as walking at home in settings where obstacles were predictable, compared to at 
school, which is a more unpredictable environment, using a wheel chair 46; 47. 
1.4.1.1 Motor disorders 
In children with the heterogeneous diagnosis of CP, a combination of motor disorders may 
occur simultaneously. Spasticity, muscle weakness and, difficulties performing voluntary 
movements are characteristic disorders that occur, more or less evidently, in most CP 
diagnoses. These disorders can be quantified by using valid and reliable instruments in children 
with CP. Consequently, motor disorders have been the focus in studies investigating motor 
function. 
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Spasticity can be defined as “A motor disorder characterized by a velocity-dependent increase 
in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks, resulting from 
hyperexcitability of the stretch reflex, as one component of the upper motor neuron syndrome” 
48. The Ashworth scale can be used to assess spasticity as a velocity-dependent increased 
resistance to passive stretch at rest in a clinical setting 49. In general, there is little or no 
spasticity present in the lower limbs during the first year of life in children who develop spastic 
CP. In a study investigating the development of spasticity in children with CP, it was reported 
that muscle tone increased from the age of one year up to four years, followed by a continuous 
decrease up to twelve years of age 50. Spasticity has been found to be marginally related to 
motor function in a study by Ross et al. (2007) 51, and to motor function development by Gorter 
et al. (2007) 52. 
 
Muscle weakness has been considered a secondary impairment in CP, though highly associated 
with the movement disorder 53; 54. Muscle weakness can be defined as the inability to generate 
normal voluntary force in a muscle or normal voluntary torque about a joint without 
differentiating the cause of the difficulty 55. Muscle strength, as the ability to produce force at 
a specific position-dependent muscle length, can be measured with a hand-held dynamometer 
(HHD) 56. In several studies muscle weakness has been related to the development of motor 
activities such as walking independently in children with CP 56; 57; 58. In a recently published 
study, functional strength or dynamic postural control, measured as the ability to attain sitting 
and standing from a chair, was found to predict walking ability in 75% of the 80 children who 
were tested 44. The awareness of muscle weakness and its associations with difficulties in 
achieving motor activities have led to resistance training becoming a commonly recommended 
intervention for children with CP. Through exercise, muscle strength undoubtedly improves, 
but functional benefits for the children have been difficult to demonstrate 59; 60; 61; 62. 
 
Selective motor control (SMC) enables independent control of joint motion 55. Thus, reduced 
SMC leads to impaired ability to isolate the activation of muscles in a selected pattern in 
response to demands of a voluntary posture or movement 55. Impaired SMC in the lower limbs 
has been found to interfere with motor function and be related to motor capacity measured with 
the GMFM in children with CP 63; 64.  
 
Muscle co-contraction or co-activation is a mechanisms that regulates simultaneous activity of 
agonist and antagonist muscles crossing the same joint. Co-activation is considered a task-
related strategy that can aid stability and/or precision, but not always efficiency, of a movement 
during the learning of new skills and during the performance of functional activities that are 
related to uncertainty or complexity in execution 65; 66. In children with CP, abnormal levels of 
antagonist activation have been reported to coincide with both voluntary muscle activation and 
with motor activities such as sitting and standing. In studies investigating muscle activity 
during maximal voluntary contraction, higher levels of co-activity in both the antagonist and 
agonist muscles were found in children with CP compared to TD children 67; 68.  
 
Secondary musculoskeletal problems such as musculotendon contractures and bony torsion 
deformities in children with CP are common 3. A decrease in lower limb joint range of motion 
(ROM) in the hip, knee and ankle from the age of two years was reported in a population-based 
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study from Sweden 69. Factors such as physical growth, weakness and spasticity, have been 
suggested to influence the development of contractures in CP 3. Moreover, posture and disuse 
are reported contribute to muscle stiffness and the development of contractures in CP 40; 70; 71. 
The influence of decreased ROM on motor function is not clear 72. In one study passive joint 
ROM in the lower limbs was reported to be predictive of standing balance, as amount of sway, 
in children with CP who stood without support 73. In a recently published paper, reduced ROM 
was weakly associated with motor function development in children with CP 64.  
1.4.1.2 Visual impairments 
Visual impairments are common in children with CP 3; 74; 75; 76. Often, visual dysfunction is an 
invisible impairment that may limit children in their motor ability and orientation, and cause 
difficulties in guiding movements 23; 74; 76. As such, delayed motor development and tripping 
and falling may be over-attributed to poor motor function in children with visual impairments 
40.  
1.4.1.3 Proprioceptive deficits  
Proprioceptive deficits including disturbances with both position sense and sense of limb 
movement in the lower limbs have been recognized in children with CP 77; 78. Moreover, 
proprioceptive deficits have been related to instability during standing and to reduced walking 
speed in children with CP who could stand unsupported 29.  
1.4.1.4 Perceptual disturbances 
Perceptual disturbances with difficulties incorporating and interpreting sensory information 
may occur among children with CP 3. From this, there are theories that impairment in the 
perceptive system may lead to failure with complex neurological processes such as organizing 
sensory information from the body and environment in order to plan, control, guide and 
produce controlled motor behavior 23. Spatial disorganization, such as in difficulty identifying 
a target on the wall after being passively turned, has been reported, but only in children with 
unilateral CP 79.  
1.4.1.5 Attention 
In children with CP, cognitive processes of attention also may be disturbed 3. To our 
knowledge, the influence of attention on motor function has sparsely been studied in children 
with CP. There is some evidence that when attention is shifted away, external to the body, 
stability during standing improves in children with unilateral spastic CP who stand 
independently 31; 80.  
1.4.2 Disturbances in bilateral spastic cerebral palsy 
Bilateral spastic CP (BSCP) is the most heterogeneous of all CP diagnoses, including children 
functioning at all five GMFCS levels. Among children with BSCP, around 40% of the children 
are classified at GMFCS level I, 20% at each of levels II and III, 15% are at level IV, and only 
5% of the children at level V 4. In this thesis, the focus is on children with BSCP, GMFCS 
levels I to IV, which covers around 30% of the entire population with CP 4; 6. Some 
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characteristic features of motor, sensory and perceptual origin, and their influence on motor 
function among children with BSCP are addressed below. 
Spasticity, the predominant motor abnormality in children with BSCP, was for long considered 
an impairment determinant in the acquisition of motor abilities in children with BSCP. As such, 
spasticity and its relation to motor function has been extensively investigated and has been a 
target for interventions. In one study spasticity was found to account for only a small variance 
between the ability to walk with or without assistive devices in children with BSCP 51. 
Moreover, there is limited evidence that medical interventions for spasticity reduction lead to 
functional benefits for children with CP 81; 82; 83; 84; 85. It is important to note is that reduced 
spasticity may be a goal that has great value for children regarding factors other than motor 
function, such as reduced pain and/or improved well-being 86.  
Children with BSCP are substantially weaker in the lower limb muscle groups, most 
prominently around the ankle and in the hip muscles compared to TD children 57; 58; 87. Children 
who are independent walkers in all environments functioning at GMFCS level I are stronger in 
most lower limb muscles compared to children with more limited walking ability at GMFCS 
levels II and III 58; 87; 88. Consequently, muscle strength has been considered important for motor 
function development and walking ability either with or without an assistive device in children 
with BSCP 51; 58; 89.  
In studies investigating postural adjustments following perturbations during both sitting and 
standing, co-activation in the antagonistic muscles has been found in children with BSCP 90; 91; 
92. In the study by Brogren et al. (2001), the muscle responses were almost intact when children 
were tested in a stable crouched sitting position compared to a more erect cross-legged sitting 
position 91. The authors concluded that the commonly observed crouched sitting position in 
children with CP might be a solution to the experience of encountering instability caused by a 
sensory-motor problem. Other authors have  related experience of stiffening of one or more 
body parts during unexpected perturbations as a response to not tolerating sudden movements 
93. The stiffening was interpreted as a sign of perceptual impairment, and was designated as 
postural freezing by the authors.  
 
Proprioceptive disturbances have been related to instability in standing and walking speed in 
children with BSCP who stood independently 29. Moreover disturbed sensory information from 
the lower limbs was suggested as contributing to walking difficulties in children with BSCP 
requiring assistive device for walking, in a recently published study 94.  
 
Perceptual impairments with difficulties organizing sensory information from the body and the 
environment have been related to motor difficulties expressed as uneasiness and fear of being 
upright without a narrow surrounding environment, hand support or personal support in 
children with BSCP 95. In a recently published study, clinical signs such as startle reaction, eye 
blinking and posture freezing were identified as sensitive for revealing perceptual disorders in 
children with BSCP 93. Moreover, Ferrari et al. (2010) reported that difficulties accomplishing 
a reaching task in sitting were related to perceptual disturbances in children with BSCP 38. In 
addition, difficulties extending the legs and producing antigravity reactions during standing 
have been related to difficulties in detecting gravity, the natural frame of reference in children 
with BSCP 95. 
 10 
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1.5 RATIONALE 
Children with CP usually have walking and standing difficulties, with some requiring support 
for standing. The movement and posture disorder of CP is presumed to mainly be a 
consequence of the motor disorder but it has been suggested that they are also attributable to 
accompanying factors such as disturbances of sensation and perception. This thesis is an 
attempt to investigate standing from a perspective that takes the influence of sensory processes 
into account. 
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2 AIMS OF THE THESIS 
The general aim of this thesis was to investigate factors influencing standing in children with 
bilateral spastic CP (BSCP), GMFCS levels I-IV, with respect to their varying standing abilities 
with or without the requirement of hand-held support. 
The specific aims of the studies were to:  
 Investigate postural orientation, that is segment alignment and maintenance of joint 
position, during quiet standing 
 Explore strength in the lower limbs muscles  
 Explore the influence of visual stimuli on standing posture while blindfolded and 
during an attention demanding task 
 Explore motor function in other positions than standing, such as lying, sitting, and 
kneeling 
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3 METHODS 
3.1 STUDY DESIGN 
Studies I-IV were prospective cross-sectional descriptive studies. 
3.2 STUDY OUTLINES 
Study I 
Three-dimensional (3D) motion analysis was conducted to investigate postural orientation with 
segment alignment – body position – and maintenance of joint position – body movements – 
during standing in children with CP. Twenty-six children with BSCP, GMFCS levels I to IV, 
and 19 TD children participated in Study I. Data was analyzed with respect to standing ability 
with or without support in the children with CP. Data from the TD children were used as 
reference values.  
 
Study II 
Muscle strength was measured with an HHD and 3D motion analysis was conducted to explore 
lower limb muscle strength and whether the ability to produce strength was influenced by 
different seated conditions in children with BSCP. Twenty-five children with BSCP, GMFCS 
levels II and III participated in Study II. Data was analyzed with respect to standing ability with 
or without support.  
 
Study III 
3D motion analysis with simultaneous surface electromyography recording was conducted 
during three standing tasks: i) no-task, ii) blindfolded, and iii) attention-task, to explore the 
influence of visual stimuli on standing posture in TD children and in children with CP. The 
children with CP underwent an ophthalmological examination on a separate occasion. Thirty-
six children with BSCP, GMFCS levels I to IV and 27 TD children participated in Study III. 
Data was analyzed with respect to standing ability with or without support in the children with 
CP. 
 
Study IV 
Motor function was measured with the GMFM to explore motor abilities in other positions than 
standing in children with CP. Timed Up and Go (TUG) test was recorded to add information 
about the children’s walking abilities. Thirty-six children with BSCP, GMFCS levels I to IV 
participated in Study IV. Data was analyzed with respect to standing ability with or without 
support. 
3.3 PARTICIPANTS 
A consecutive series of 55 children with BSCP and 46 TD children was enrolled in the 
studies during two separate periods. The participants in Study I were recruited between 2007 
and 2009, and participants for Studies II-IV were recruited between January 2012 and 
September 2013. Out of the 26 participants in Study I, seven children with CP also 
participated in Study II. All 25 children with CP in Study II participated in Studies III & IV. 
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The children with CP were recruited through the neuro pediatric and the pediatric orthopedic 
outpatient clinic at Astrid Lindgren Children’s Hospital in Stockholm, Sweden.  
Of the total 55 children with CP included in the four studies, 25 required support for standing. 
In table II, an overview of all participants is provided.  
Based on their requirement of hand-held support for standing, the children with CP were 
divided into two groups: children standing without support will be referred to as CP-SwoS, and 
children standing with support will be referred to as CP-SwS. In Study I, the children in CP-
SwoS were referred to as CP group A, and the children in CP-SwS as CP group B.  
 
Table II. Overview of gender (f=female, m=males) and age (years) in all participants included in the four studies, 
and distribution of standing ability with (CP-SwS) or without (CP-SwoS) support, and Gross Motor Function 
Classification System (GMFCS) levels in the children with CP. “n” indicates number of children. TD=typically 
developing children. 
 
 
Study I: Of the 26 children with BSCP enrolled in the study, 15 children had the ability to 
maintain standing without hand-held support, CP-SwoS, while 11 children required hand-held 
support for standing, CP-SwS (Table II). In CP-SwoS, three children were classified at GMFCS 
level I, nine at level II, and three at level III. In CP-SwS, eight children were at GMFCS level 
III, and three at level IV. Nineteen TD children constituted a reference group (Table II).  
Studies II–IV: A total of 36 children with BSCP and 27 TD children performed the 
examinations. In Study II, 27 children with CP at GMFCS levels II to III were included (Table 
II). Two of these children did not complete all examinations, thus data from 25 children was 
analyzed. In Studies III and IV, data from all 36 children with CP was analyzed. In Study III, 
27 TD children constituted a reference group (Table II).  
  
Study Participants Gender  
(f/m)  
Age;  
Median [min, max]  
Standing 
Ability (n) 
GMFCS 
Levels (n) 
I n=45 
26 children with CP 
19 TD children 
 
 
9/17 
12/7 
 
10.5 [4.4, 16.3] 
8.9 [5.8, 12.9] 
 
15 CP-SwoS 
11 CP-SwS 
 
I:3, II:9, III:11, IV:3   
II n=25 
25 children with CP 
 
 
12/13 
 
11.4 [7.7, 17.2] 
 
11 CP-SwoS 
14 CP-SwS 
 
II:10, III:15 
III n=63 
36 children with CP 
27 TD children 
 
 
16/20 
11/16 
 
11.2 [6.7, 17.2] 
9.9 [6.5, 16.9] 
 
19 CP-SwoS 
17 CP-SwS 
 
I:5, II:13, III:15, IV:3 
IV n=36 
36 children with CP 
 
 
16/20 
 
11.2 [6.7, 17.2] 
 
19 CP-SwoS 
17 CP-SwS 
 
I:5, II:13, III:15, IV:3 
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Criteria for inclusion and exclusion in Studies I-IV 
Inclusion criteria: 
 A diagnosis of BSCP 
 Ability to stand independently with or without the use of hand-held support for at least 30 
seconds 
 Ability to follow verbal instructions for performing the examinations  
 
Exclusion criteria:  
 Dyskinetic CP and/or presence of dystonia  
 Skeletal surgery within the previous year 
 Soft tissue surgery within the previous six months 
 Botulinum toxin injections within the previous three months in Study I, and within the 
previous six months in Studies II–III. 
 
3.4 MEASUREMENTS AND DATA COLLECTION 
Several measurements were used in the four studies; an overview is presented in Table III. 
Each method will be presented in more detail in the following section. Data collection for 
Studies II, III & IV was accomplished at three different occasions. The first testing session 
included 3D motion analysis, surface electromyography (sEMG) recordings and muscle 
strength measurements, whereas the GMFM and the neuro-ophthalmological examinations 
were conducted at two separate occasions respectively, during a time span not exceeding two 
months from the first testing. 
 
Table III. Overview of measurements presented in Studies I-IV with respect to ICF-CY domains  
Measurement Study Body Functions 
& Structures 
Activity & 
 Participation 
Environment 
Spasticity I, II x   
Joint ROM1 I, II x   
Motion analysis I, II, III x x  
sEMG2 III x   
Muscle strength II x   
GMFM3 IV  x  
TUG test4 IV  x  
GMFCS5 I, II, III, IV  x x 
Visual function III x   
1ROM=Range of motion, 2sEMG=Surface electromyography, 3GMFM=Gross Motor Function  
Measure, 4TUG test=Timed Up and Go test, 5GMFCS= Gross Motor Function Classification System 
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3.4.1 Physical examination 
All children underwent a physical examination by the same examiner (CL). Spasticity was 
assessed in the lower limbs muscle groups by using the modified Ashworth scale 49. The 
interrater reliability of the Ashworth scale has been reported to vary from moderate to good 96. 
In this thesis, lower limb spasticity was reported as either present or absent. In addition, lower 
limb joint ROM was measured with a goniometer in standardized positions 97. The intra-rater 
reliability for ROM measurements has been reported to be high, with an estimated error at 1-5 
degrees in children with CP 98. In this thesis, data was analyzed from sagittal plane ROM 
measurements at the hip, knee, and ankle. Lower limb contractures were defined as passive 
ROM less than the neutral position of a joint.  
3.4.2 Motion analysis  
Three-dimensional motion analysis provides objective assessment of movement patterns with 
good intra-rater reliability for sagittal plane data 99. Data is collected by placing reflective 
markers on specific landmarks on the person’s body. All 3D motion analyses were conducted 
by the same two experienced physiotherapists (CL and ÅB) at the Motion Analysis Laboratory 
at the Karolinska University Hospital, Stockholm, Sweden.  
In Studies I, II & III, an eight-camera 3D motion analysis system with passive markers (Vicon 
MX40®, Oxford, UK) was used to measure standing posture. Two force plates (Kistler®, 
Winterthur, Switzerland) embedded in the floor were used to simultaneously measure ground 
reaction forces. A full-body biomechanical model and marker set (Plug-In-Gait, Vicon®) was 
used. Markers were placed on specific anatomical positions (Figure 2). The head, thorax and 
pelvic segment motions are described in the global coordinate frame, and the hip, knee, and 
ankle joints as relative angles between distal and proximal segments. Video recordings with 
two digital cameras were performed at the same time.  
 
 
 
 
 
 
 
 
 
Figure 2. Marker placement during 3D motion capture  
(Esbjörnsson 2015). The illustration is reprinted with  
permission of the author.  
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Body position angles were described as sagittal plane angles of the head, trunk, and pelvis 
segments, and the hip, knee, and ankle joints, during the recorded time. Body movement ranges 
were described as ranges of joint movements, defined as differences between maximum and 
minimum angles during the recorded time. Data from the children’s more weight-bearing limb 
as assessed through video observations in Study I and determined from force plate data during 
each child’s no-task condition in Studies II & III, was used for analysis. Data from the right 
limb was used when standing asymmetry in the children with BSCP was not apparent, as well 
as in all the TD children. 
In Study I, standing posture was recorded for 30 seconds while the children stood with their 
habitual shoes or orthoses on two force plates. The children who required support to achieve 
and maintain standing, held on to a height-adjustable horizontal bar with a slightly flexed elbow 
position. The children were instructed to maintain a quiet standing position. 
In the children included in Studies II, III & IV, standing posture was recorded for 30 seconds 
during three standing tasks: a) no-task: in a self-selected standing position, b) blindfolded, and 
c) attention-task: while watching a video. The testing setup is illustrated in Figure 3. The video 
was a film sequence of a child playing with a dog, shown on a 52 x 30cm computer screen, 
placed 2 m in front of the child. The purpose with the video was to provide a context external 
to the body which required focus of attention. Short sitting breaks between the testing 
conditions were taken when requested. The children were tested barefoot while standing on 
two force plates. Those who required support held on to a horizontal bar with a slightly flexed 
elbow position. In Study II, data was analyzed from the no-task standing condition in the 
children with BSCP at GMFCS levels II and III.  In Study III, data was analyzed from all three 
standing conditions in the children with BSCP and the TD children.  
 
 
Figure 3. Illustration of testing setup during the three standing conditions: a) no-task, b) blindfolded, and c) 
attention-task.  
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3.4.3 Surface electromyography 
In Study III, muscle electric activity was recorded using wireless 
sEMG (Noraxon®, USA) at a sample rate of 1000 Hz. sEMG 
electrodes (Ambu®, Denmark) were placed bilaterally on four lower 
limb muscles: the rectus femoris, tibialis anterior, medial 
gastrocnemius and soleus, according to the sEMG non-invasive 
assessment of muscles (SENIAM) recommendations 100 (Figure 4). 
Registration of muscle activity with sEMG data was collected during 
the entire standing procedure. 
The data was processed with EMG-designated software (ProEMG®, 
Prophysics, Kloten, Switzerland). The raw sEMG signal was offset 
to zero, and high-pass Butterworth filtered at 10Hz. Average Root 
mean square (RMS) was determined over a 50 ms window, and the 
maximum RMS value was used for further analysis. Each muscle’s maximum RMS was then 
normalized to its corresponding value during the no-task standing condition and expressed as 
a percent, which allows us to examining changes in muscle activity pattern. 
3.4.4 Muscle strength measurement 
Muscle strength measurement by an HHD 
provides information about the ability to 
produce force at a specific muscle length. 
Muscle strength measurements with an HHD in 
the lower limbs has been reported as reliable, but 
deserves careful standardization of measuring 
positions 101; 102; 103.  
In the children with CP included in Studies II-
IV, isometric muscle strength was measured 
with an electronic HHD (Chatillon®, 
Greensboro, NC, USA) (Figure 5). In Study II, 
muscle strength data from children at GMFCS 
levels II and III were analyzed with respect to 
standing ability with or without support. In 
addition, data was compared with respect to 
two different seated conditions.  
 
 
 
 
Figure 4. Illustration of the 
sEMG equipment. 
Figure 5. Illustration of muscle strength 
measurement with an hand-held 
dynamometer. 
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Four lower limb muscle groups were 
tested bilaterally: hip flexors, knee 
extensors, ankle dorsiflexors, and 
ankle plantar flexors. Lever arms were 
measured as the sagittal plane distance 
from the greater trochanter, lateral 
femoral condyle, and lateral malleolus 
to the dynamometer’s placement. The 
strength measurements were carried 
out in randomized order in two seated 
conditions: a chair with armrests and 
backrest, and on a stool after removing the armrests and backrest (Figure 6). During testing the 
children were instructed to sit in an upright position, to not lean against the armrests or backrest, 
and to place their hands on their laps.  
Standardized positions for testing were chosen in order to refine the children’s ability to 
produce force and to minimize restriction from tight muscles, spasticity and/or reduced 
selective motor control 56. The hip flexors and the knee extensors were tested in 90° of hip 
flexion and 90° knee flexion as described by Eek et al. (2006) 104. The dorsiflexors and plantar 
flexors were tested in 90° of hip flexion and 30° knee flexion, and with the ankle in a neutral 
position (Figure 7). In the children with limited ROM in the ankle, the ankle was placed in as 
close to neutral position as possible. 
The “make test technique” was used by encouraging the child to press as hard as possible 
against the dynamometer to build up strength for 4-5 seconds 56 To ensure the children’s 
understanding of the task, a familiarization trial was performed first. A short break of about 20 
s was given between the trials. The same examiner (CL) performed all measurements. 
It is challenging to compare strength between children of different weights and heights. In 
order to obtain reliable strength values, it is recommended to calculate torque and normalize 
the values to weight 102.  Therefore, the force value derived from the HHD was multiplied by 
the lever arm, and in turn normalized to body weight. 
 
Figure 7. Test positions for isometric muscle strength measurements with a hand-held dynamometer. 
 
Figure 6 a) A chair with armrests and backrest, and b) a stool 
after removing armrests and backrest used during muscle 
strength measurements. 
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3.4.5 Motor function classification  
In all four studies the children’s functional motor abilities in daily life were classified with the 
GMFCS 13; 14. Initially, the GMFCS was developed to classify motor function in children up to 
12 years of age. The classification system has been extended and revised, and nowadays covers 
motor function in children and adolescents up to an age of 18 years. 
3.4.6 Motor function measurement 
In Study IV, the children’s motor function was assessed with the GMFM 42; 43, and the TUG 
test was recorded 105; 106.  
The GMFM is an observational test that measures the children’s capacity to perform motor 
activities in five dimensions: A) lying and rolling, B) sitting, C) crawling and kneeling, D) 
standing, and E) walking, running and jumping. There are two versions of the GMFM; the 
original GMFM including 88 items (GMFM-88), and the shorter version includes 66 items 
(GMFM-66). The GMFM-88 provides scores for each dimension, as well as a total GMFM-88 
score. The dimension scores are calculated as a percentage of the maximum score for that 
dimension. The total GMFM-88 percent score is an average of the percentage scores from the 
five dimensions. The GMFM-66 was developed to improve scaling of the measurements, 
giving a hierarchical ordering of the items and a unidimensional GMFM score with interval 
properties by using the freely available software, Gross Motor Function Ability Estimator 43. 
In Study IV, both the GMFM-88 and the GMFM-66 were used. With the GMFM, the children’s 
total GMFM-88 percent score, percent scores for each GMFM-88 dimension (A-E), and 
GMFM-66 score were calculated. The GMFM was measured during play in a standardized 
environment familiar to the child in cooperation with the physiotherapist from the children’s 
habilitation center on a separate occasion. The children were tested without shoes, orthoses, or 
walking aids. 
Walking capacity in the children using a mobility device could not be assessed with the 
GMFM, as most of the items included in the walking dimension required the ability to walk 
with arms free. Therefore, in Study IV, the children’s functional mobility in walking was 
measured with the TUG test. The test is a valid, reliable, and widely used performance-based 
measure of functional mobility in walking in adults and children 105; 106. A sequence of sit-to-
stand, walk 3 m, turn 180 degrees, and return to stand-to-sit tasks is timed during the TUG test. 
3.4.7 Neuro-ophthalmological examination 
The children with BSCP included in Studies II-IV underwent a neuro-ophthalmological 
examination by an ophthalmologist at the Karolinska University Hospital, Stockholm, Sweden, 
on a separate occasion. Binocular visual acuity with visual charts at 3 m was categorized as 
either normal/near to normal (>0.33 in decimal value) or moderate/severe/blind (<0.33 in 
decimal value) 107; 108. Visual field was evaluated with either the Stycar ball test, in which the 
patient reported when a white three cm diameter ball first became visible as it was moved 
inward from beyond the boundary of each quadrant of the visual field, or with the kinetic 
manual Goldmann Perimetry, documented as normal, hard to assess, or reduced 109; 110. The 
evaluation instruments were chosen based on each child’s ability to participate. Furthermore, 
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oculomotor function was assessed by evaluating saccadic movements as normal or dysmetric, 
smooth pursuit movements as normal or altered, and for detecting strabismus, as present or 
absent. Fixation was qualitatively assessed as good or unstable. Smooth pursuits and saccadic 
eye movements serve to shift the direction of gaze towards new targets or movements, whereas 
fixation serves to stabilize gaze when the head is moving. In Study III: Table I, visual 
impairment from the ophthalmological examination in the children with BSCP is presented. 
3.4.8 Statistical methods  
Statistical analyses were carried out using commercially available software (SPSS, Chicago, 
IL, USA). The significance level was determined at the p < 0.05 level. An overview of 
statistical methods used across the four studies is provided in Table IV. 
Non-parametric statistical tests were used to determine differences in characteristics between 
and within the groups in Studies I, II, III & IV, body position angles and body movement ranges 
during standing in Study I, body position angles and muscle strength in Study II, and GMFM 
scores in Study IV.  
Parametric statistical tests were used to determine differences in body position angles and body 
movement ranges during the no-task standing conditions among the three groups, to evaluate 
the influence of vision on body position angles and body movement ranges, and muscle activity 
within groups with the no-task condition as each child’s own reference in Study III. 
 
 Table IV. Overview of statistical methods used in Studies I-IV.  
 
 
 
 
 
 
 
 
 
 
 
Statistics Study I Study II Study III Study IV 
    Frequency: number, percentage x x x x 
    Median [min, max] x x  x 
    Mean (SD)   x  
     
    Kruskal-Wallis test x   x 
    Mann Whitney U test x x  x 
    Wilcoxon signed rank test x x   
    Chi-square test x x x x 
    One-way ANOVA   x  
    Bonferroni post-hoc test   x  
    Paired t-test   x  
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4 ETHICAL CONSIDERATIONS 
All studies were approved by the Regional Ethical Review Board in Stockholm, Sweden, and 
conducted in accordance with the Declaration of Helsinki. All children and parents were given 
verbal information. Parents and the children 10 years or older were also given written 
information. Informed consent to participate was obtained verbally from the children, and in 
writing from the parents. 
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5 RESULTS AND DISCUSSION 
The main finding from Studies I, II, III, and IV are summarized in this section. The results from 
physical examination, muscle strength measurements, 3D motion analysis, muscle activity 
recording, and motor function measurements are presented with respect to children’s standing 
ability, with or without support (Figure 8), followed by a discussion about similarities and 
differences with respect to the standing ability groups. Detailed results of each study are 
provided in the publications and manuscripts.  
 
5.1 STANDING ABILITY AND MOTOR FUNCTION IN THE VARIOUS GROUPS 
Overviews of results from all studies are presented. Table V presents spasticity, joint 
contractures and joint ROM in the children in Studies I, II and III & IV. Table VI presents 
muscle strength in the lower limbs in Studies II and III & IV, and Table VII presents standing 
posture in the children in Studies I, II, and III & IV. 
 
5.1.1 Children standing without support 
In the CP-SwoS group, spasticity in the plantar flexors and knee flexors was present in almost 
all children, while spasticity in the hip flexors was less frequent. During physical examination, 
the hip, knee and ankle could be extended to at least neutral position even though ROM varied 
(Table V). Muscle strength values revealed muscle weakness in the lower limbs (Table VI).  
 
 
Figure 8. A representative child a) requiring 
support for standing (CP-SwS), and b) 
standing without support (CP-SwoS. 
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Table V. Overview of spasticity, contractures, and passive joint range of motion (ROM) in degrees (°) in the more weight-bearing limb in children with CP, standing with (CP-SwS) or 
without (CP-SwoS) support in Studies I, II, and III & IV. A Chi-square test was used to determine differences in presence of spasticity and contractures, and a Mann Whitney U test was 
used to determine differences in ROM between the groups in the various studies (p<0.05). 
               1nr of children, 2 (-) Hip flexion contracture, 3(-) Knee flexion contracture, 4(-) Plantarflexor contracture, defined as passive ROM less than the neutral position of a joint 
 
 
 
 
  Study I 
n=26 
 Study II 
n=25 
 Studies III-IV 
n=36 
  CP-SwoS 
 
n 
15 
CP-SwS 
 
n 
11 
p  CP-SwoS 
 
n 
11 
CP-SwS 
 
n 
14 
p  CP-SwoS 
 
n 
19 
CP-SwS 
 
n 
17 
p 
Spasticity, uni- or bilateral1 
     Hip flexors  3 15 6 11 0.103  1 11 2 13 1.000  1 19 2 16 0.582 
     Knee flexors  12 15 11 11 0.238  10 10 14 14 NA  17 18 16 17 1.000 
     Plantarflexors  14 15 10 11 0.423  11 11 14 14 NA  19 19 17 17 NA 
ROM median [range]° 
     Hip extension  0 [-102, 10] 15 0 [-15, 0] 11 0.041  0 [-15, 10] 11 0 [-15, 5] 14 0.267  0 [-15, 10] 19 0 [-15,-5] 17 0.165 
     Knee extension  0 [-103, 10] 15 -10 [-30, 0] 11 0.001  5 [-15, 10] 11 -10 [-25, 10] 14 0.025  5 [-15, 15] 19 -10 [-25, 10] 17 0.003 
     Ankle dorsiflexion  10 [-104, 20] 15 0 [-15, 35] 11 0.009  0 [-5, 10] 11 10 [-5, 20] 14 0.267  5 [-5, 15] 19 5 [-30, 20] 17 0.925 
Joint contractures, uni- or bilateral1 
     Hip flexion   2 15 5 11 0.095  4 11 8 14 0.428  7 19 8 17 0.736 
     Knee flexion   5 15 9 11 0.021  4 11 11 14 0.049  7 19 12 17 0.054 
     Plantarflexion  1 15 2 11 0.556  5 11 5 14 0.697  5 19 6 17 0.721 
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Table VI. Muscle strength in children with CP standing with (CP-SwS) or without (CP-SwoS) support included in 
Studies II-IV. A Mann-Whitney U test was used to determine differences between the groups in the various 
studies (p<0.05). 
 
 
From motion analysis during the children’s habitual standing condition, on a group level, the 
children stood with an upright head position, slight anterior trunk tilt, anterior pelvis tilt, 
approximately 20° of hip flexion, 10-15° of knee flexion, and almost 10° of ankle dorsiflexion. 
The body movement ranges of the segments and joints were around 20° at the head and 5° at 
the trunk, hip, knee and ankle (Table VII, Studies I & II & III). The children stood with more 
flexion than their potential passive joint extension ROM (Study I: Figure 2). While blindfolded, 
the habitual body position was unchanged, the head was more still, and posture was adapted to 
the new environmental demands by increased calf muscle activity only. Moreover, the use of 
visual stimuli improved posture; while watching the film, in the attention-task, the children 
stood more still and with less lower limb muscle activity compared to the no-task standing 
condition (Study III; Table II). 
 
The children’s gross motor function capacity accomplished by the GMFM-88 reached almost 
90% of the total score. The GMFM dimension scores reached almost 100% in A (lying and 
rolling), B (sitting), and C (crawling and kneeling) respectively, and above 70% in D (standing) 
and E (walking, running and jumping) respectively (Table VIII). With the GMFM-66 the 
children achieved a score of around 70 of a maximum score 100. The TUG test, was completed 
in approximately 11 s (Study IV). 
 
 
 
 
 
 
Study II 
n=25 
 
Studies III-IV 
n=34 
 
CP-SwoS 
 
n 
11 
CP-SwS 
 
n 
14 
p  
CP-SwoS 
 
n 
17 
CP-SwS 
 
n 
17 
p 
Muscle strength, median [range] (Nm/kg) 
Hip flexors 0.86 [0.5, 1.34] 11 0.83 [0.50, 1.68] 14 0.767  0.90 [0.57, 1.81] 15 0.80 [0.50, 1.68] 17 0.411 
Knee extensors 0.62 [0.41, 1.04] 11 0.95 [0.51, 1.31] 14 0.038  0.89 [0.41, 1.38] 15 0.94 [0.51, 1.31] 17 0.295 
Dorsiflexors 0.16 [0.00, 0.30] 10 0.17 [0.09, 0.33] 13 0.976  0.20 [0.00, 0.39] 14 0.17 [0.07, 0.33] 15 0.234 
Plantar flexors 0.17 [0.00, 0.23] 9 0.17 [0.09, 0.28] 13 0.431  0.19 [0.00, 0.39] 13 0.17 [0.09, 0.28] 15 0.683 
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Table VII. Overview of standing posture (body position and body movements) during the no-task standing condition in children with CP standing with (CP-SwS) or without (CP-SwoS) 
support in Studies I, II, and III. It is worth noting that children were tested with their habitual shoes and orthoses in Study I, while they were barefoot during testing in Studies II & III. A 
Mann-Whitney U test was used to determine differences between the groups in the various studies (p<0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                        1(-) head extension, 2(-) trunk extension, 3(-) posterior pelvis tilt, 4(-) hip extension, 5(-) knee extension, 6(-) plantar flexion 
 
 
 
 
Study I 
n=26 
  
Study II 
n=25 
  
Study III 
n=36 
 
  CP-SwoS (n=15) CP-SwS (n=11) p  CP-SwoS (n=11) CP-SwS (n=14) p  CP-SwoS (n=19)x CP-SwS (n=17) p 
Body position angles 
degrees, median [min, max] 
Head xxxxxxx      1 [-171, 20] -1 [-18, 26] 0.839  -4  [-33, 28] 1 [-18, 26] 0.616 
Trunk   2 [-72, 26] 12 [-15, 34] 0.122  2 [-6, 19] 19 [4, 36] <0.001  2 [-8, 19] 18 [4, 36] <0.001 
Pelvis   16 [-23, 29] 13 [-10, 25] 0.357  18 [3, 27] 13 [-13, 21] 0.095  15 [3, 27] 13 [-16, 29] 0.107 
Hipd   18 [7, 32] 31 [-24, 54] 0.040  22 [0, 33] 26 [1, 49] 0.222  20 [-1, 33] 22 [1, 49] 0.129 
Kneee   17 [-65, 47] 45 [28, 95] <0.001  12 [-18, 70] 46 [15, 76] 0.001  10 [-19, 70] 45 [0, 76] <0.001 
Anklef   13 [0, 33] 9 [-196, 58] 0.659  7 [-6, 20] 15 [-16, 45] 0.536  8 [-6, 24] 14 [-16, 45] 0.827 
Body movement ranges 
degrees, median [min, max] 
Head       18 [7, 68] 26 [12, 110] 0.107  16 [7, 68] 28 [12, 110] 0.006 
Trunk   6 [1, 18] 8 [1, 26] 0.138  6 [3, 18] 10 [3, 29] 0.085  7 [3, 23] 10 [3, 29] 0.021 
Pelvis   2 [0, 7] 4 [2, 11] 0.012  3 [1, 8] 5 [2, 11] 0.075  4 [1, 8] 5[2, 14] 0.030 
Hip   5 [1, 15] 9 [4, 21] 0.013  6 [2, 17] 6 [3, 15] 0.467  6 [2, 17] 7 [3, 27] 0.257 
Knee   4 [ 1, 13] 9 [6, 21] 0.001  7 [2, 20] 12 [5, 22] 0.166  7 [2, 20] 12 [5, 22] 0.009 
Ankle   2 [1, 9] 3 [1, 13] 0.474  4 [2, 7] 7 [1, 16] 0.011  4 [2, 7] 7 [1, 16] 0.001 
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Table VIII. Gross Motor Function Measure-88 (GMFM-88) presented as median [min, max] total score (%) and 
dimension scores (%) in the children with CP standing with (CP-SwS) or without (CP-SwoS) support. A Mann-
Whitney U test was used to determine differences between the groups (p<0.05). 
 
GMFM-88 CP-SwoS 
n=19 
 
CP-SwS 
n=17 
 
p 
Total score 88 [64, 100]  70 [37, 81]  <0.001 
A) Lying & Rolling 98 [84, 100]  96 [90, 100]  0.271 
B) Sitting 100 [90, 100]  98 [65, 100]  0.285 
C) Crawling & Kneeling 98 [19, 100]  93 [19, 98]  0.035 
D) Standing 80 [59, 100]  31 [5.1, 82]  <0.001 
E) Walking, Running & Jumping 72 [42, 99]  22 [0, 50]  <0.001 
 
 
5.1.2 Children standing with support 
In the CP-SwS group, spasticity in the plantar flexors and knee flexors was present in almost 
all children, while spasticity in the hip flexors was less frequent (Table V). During physical 
examination, the hip, and ankle could be extended to at least neutral position, and the knee to 
an almost neutral position even though ROM varied (Table V). Muscle strength values revealed 
muscle weakness in the lower limbs (Table VI). 
From motion analysis during the children’s habitual standing condition, on a group level, the 
children stood with an upright position of the head, 10-20° of an anterior trunk tilt, anterior 
pelvis tilt, around 25° of hip flexion, 45° of knee flexion, and 10-15° of ankle dorsiflexion. 
Moreover, they stood with a substantial body movement ranges of the segments and joints: 25-
30° at the head, 10° at the trunk and at the knee, 5-10° at the hip, and 5° at the pelvis and at the 
ankle (Table VII). The children stood with more flexion than their potential joint extension 
ROM (Study I: Figure 2). While blindfolded, the body position was more flexed, the quadriceps 
muscle activity increased, and there was a tendency for less calf muscle activity compared to 
the no-task condition. The use of visual stimuli improved head position: while watching the 
film in the attention-task, the children stood with the head in a more upright and still position, 
compared to the no-task standing condition (Study III; Table II).  
The children’s gross motor function capacity accomplished by the GMFM-88 reached 70% of 
the total score. The GMFM dimension scores reached almost 100% in A and B respectively, 
just above 90% in C, and below 30% in D and E respectively (Table VIII). With the GMFM-
66 the children achieved a score of almost 55 of a maximum score 100. The TUG test was 
completed in approximately 26 s (Study IV).  
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5.1.3 Typically developing children 
From motion analysis during the children’s habitual standing condition the TD children stood 
with an erect body position with an upright position of the head, slightly extended trunk, 
anteriorly tilted pelvis, slightly flexed hip, somewhat hyperextended knee and nearly neutral 
ankle. Furthermore, they stood still with only minor body movement ranges of the head, trunk, 
pelvis, hip, knee and ankle (Study I: Table 1). Without vision as support, i.e. while blindfolded, 
the habitual standing posture was maintained and posture was adapted to the new 
environmental demands by increased calf muscle activity only. The intensified visual stimuli 
of watching a short movie sequence did not alter posture compared to the no-task standing 
condition (Study III; Table II). The TUG test was completed in approximately 8 s. (Study IV). 
 
5.2 SIMILARITIES AND DIFFERENCES BETWEEN THE GROUPS 
There were evident similarities and differences in motor function between children with the 
heterogeneous condition of BSCP, at GMFCS levels I to IV with different standing abilities 
that are addressed below.  
 
5.2.1 Physical examination 
During physical examination the hip and ankle could be extended to at least neutral position 
and the knee to an almost neutral position in all children with CP. Contractures at the hip and 
ankle were present to an equal extent in both groups of children, but more frequently at the 
knee in CP-SwS (Table V). Furthermore, spasticity in the lower limbs was present to an equal 
extent in both groups of children (Table V).  
Biomechanical constraints could not be considered explain the variety in motor function in 
standing in the children with CP. The findings are in accordance with previous studies by Vos 
et al. (2016) who reported low correlation between decreased ROM and motor development 64. 
Furthermore, Gorter et al. (2009) reported that spasticity was only marginally related to gross 
motor function development in young children with CP, and Ross et al. (2007) reported that 
spasticity explained only a small amount of the variance of motor function between children 
with BSCP who ambulated with or without assistive device 51; 52. Additional measurements are 
required to more fully comprehend motor function difficulties in activities such as standing. 
 
5.2.2 Muscle strength 
The need for support when standing in the children with CP-SwS might raise the question of 
whether difficulties during standing originate from muscle weakness. Therefore, muscle 
strength was measured with an HHD in the children included in Studies II, III & IV. The 
findings indicate that the children who required hand-held support were not weaker in the lower 
limb muscle groups compared to those who stood unsupported (Table VI). Interestingly, the 
children with CP were practically equally strong despite their varying standing abilities.  
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In Study II, muscle strength data from children functioning at only GMFCS levels II and III 
was analyzed in relation to their ability to stand with or without support. The children in the 
two groups were equally strong in their hip, and ankle joint muscles. Unexpectedly, the children 
in CP-SwS were found to be stronger in the knee extensors than those in CP-SwoS, despite the 
crouched body position and the requirement for support, (Table VI, Study II; Fig.2). To explore 
whether the children’s ability to produce force was influenced by seated conditions, muscle 
strength was measured in two different seated conditions: in a stable sitting position on a chair, 
and in a more demanding sitting position on a stool. There were no differences in muscle 
strength between the seated conditions in either CP-SwS or CP-SwoS (Study II). 
The finding that lower limbs muscle strength could not explain the difference in standing ability 
between children functioning at GMFCS levels I to IV has, to our knowledge, not been 
previously reported. In reported literature, it is well recognized that children with CP are 
substantially weaker in the lower limb muscles than TD children. In the children included in 
Studies II, III & IV, the strength values obtained correspond to previously reported values by 
Dallmeijer et al. (2011) 111. Therefore, it is likely that the children with CP were in fact weaker 
in the lower limb muscles than the TD children, even though it was not measured. Previously, 
muscle strength has been related to differences in balance, measured as postural sway, between 
children at GMFCS levels I and II in a study by Lowes et al. (2004) 73. In addition, muscle 
strength has been related to walking ability with or without support with respect to GMFCS 
levels 51; 58. Children who walk independently in all environments at GMFCS level I were 
reported to be stronger in most lower limb muscle groups than children with more limited 
walking abilities at levels II and III 58; 87; 88. Whether the children who walk without an assistive 
device at GMFCS level II really are stronger in the lower limb muscles than the children who 
walk with an assistive device at level III is not that clear. Similar to our findings, there are 
several studies that have reported on equally strong knee extensors, in children functioning at 
GMFCS levels II as in those functioning at level III 58; 87; 88. In the previously mentioned studies, 
the hip extensors were also reported as equally strong in children functioning at level II and III, 
whereas the hip abductors were weaker in the children functioning at level III.  
 
5.2.3 Standing 
The children who stood unsupported – both the TD children and the children in CP-SwoS – 
fulfilled the requirements for postural orientation during standing. They thereby had the ability 
to align and maintain their body position with respect to both gravity and the environment. This 
contrasts with the children in CP-SwS. 
On a group level, all children with CP stood in a crouched body position compared to the TD-
children during the habitual standing condition (Study I & Study III). The children in CP-SwS 
stood in a more pronounced crouched position and with a considerable amount of body 
movements between the segments and joints than the children in CP-SwoS, despite their use 
of hand-held support (Table VII). All children with CP stood with more flexion than their 
potential lower limbs joint extension ROM, more pronounced in CP-SwS (Study I; Figure 2).  
Motor disorders could not explain the support for standing or the greater knee flexion during 
standing in the children in CP-SwS compared to in CP-SwoS, as spasticity and muscle 
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weakness were present to an equal extent in both groups of children. The inability to stand 
unsupported and the flexed body position indicate that sensory disturbances and/or perceptual 
impairments may disrupt motor function ability in upright positions on the feet in children who 
require support for standing.  
 
The children’s difficulties to stand still relative to gravity in CP-SwS, indicate proprioception 
disturbances with difficulties to sense movements of the limbs, both in and between the body 
segments, and the relative position of the body segments in space. Disturbed proprioception 
has been previously reported in children with CP in a study by Wingert et al. (2009) 78. 
Moreover, Damiano et al. (2013) reported that proprioceptive deficits were related to instability 
in standing and to decreased walking speed in children with mild CP, and Bartonek et al. (2016) 
suggested that disturbed sensory information from the lower limbs contributed to decreased 
walking velocity  in children with BSCP requiring assistive device for walking in a recently 
published study29; 94. It is likely that proprioceptive disturbances were present and influenced 
standing in the CP-SwS group in our studies.  
 
In Study I, another interesting finding is that the children with CP did not fully extend their 
joints to use their full joint ROM during standing. The knee could be passively extended on the 
examination table to an almost neutral position in both groups, but the children stood with an 
apparent knee flexion, even more so in the CP-SwoS group, when faced with the challenge of 
resisting gravity (Study 1: Figure 2). Previously, difficulties extending the legs to produce 
antigravity reactions during standing have been reported to be an indication of perceptual 
disturbances with difficulty detecting gravity 95. The apparent knee flexion during standing 
observed in children in both our CP-SwoS and CP-SwS groups indicates that they have 
difficulty to detect gravity as a reference. Another indication of perceptual disturbances in 
perceiving the body position in space, is the finding that the children in CP-SwS could maintain 
standing for at least 30 s with the use of hand-held support. Previously, cutaneous input from 
the hands has been reported to provide a reference frame external to the body, which may help 
compensate for perceptual impairments and improve standing and walking 24.  
 
5.2.4 Influence of vision on standing 
The visual function of children with CP included in Studies II, III & IV was assessed through 
an examination by an ophthalmologist. Neuro-ophthalmological impairments were found in 
almost 90% of the children, regardless of their standing ability. Visual acuity was considered 
sufficient to see the film during the attention-task in all children included in the analysis (Study 
III: Table I).  
In Study III, standing posture was investigated in the presence of three different visual stimuli 
– in the usual laboratory setting: no task, blindfolded, and while watching a short movie: 
attention-task – to explore the influence of visual stimuli on posture in children with CP and 
TD children (Study III; Table II). An illustration of standing posture, described as body position 
angles and body movement ranges during three standing conditions, is provided in Figure 9.  
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Figure 9. Illustration of mean sagittal plane body position angles and body movement ranges in degrees during 
three standing conditions: no task (NT), blindfolded (BT) and attention-task (AT) in typically developing (TD) 
children, and in children with CP standing with (SwS) or without (SwoS) support. 
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The task of standing blindfolded was considered to be demanding for all children. While 
blindfolded, the children who stood unsupported, both the TD children and children in CP-
SwoS, adapted their posture by increasing muscle activity around the ankle only. Thus, a 
combination of somatosensory and vestibular input ensured postural orientation in the children 
who stood unsupported, even without visual input 20. Contrastingly, the children in CP-SwS 
were more dependent on external visual cues for posture during standing; while blindfolded, 
the already flexed body position became even more flexed and muscle activity increased in the 
knee extensors, despite the somatosensory input from the hand-held support (Study III; Table 
II).  
 
Vision provides a reference frame external to the body, based on cues in the near environment 
that may help compensate for possible disturbances in the somatosensory or vestibular systems 
during quiet standing 21; 24. Loss of proprioception in the CP-SwS group most likely contributed  
to the reduced ability to maintain postural alignment while blindfolded. This finding is in 
accordance with Damiano et al. (2013) who reported that proprioceptive disturbances were 
linked to instability in standing in some children with mild CP 29. Since the blindfolded standing 
was considered provocative for the children’s standing ability in Study III, the increased 
quadriceps muscle activity in the CP-SwS group could be an indication of co-contraction 
caused by perceptual impairments. This finding is in accordance with Ferrari et al, attributed a 
blocked rigid posture, called freezing of posture, during provoking activities, to perceptual 
impairments 93.  
 
The task of watching a short movie provided a focus for attention external to the body. The TD 
children could watch the movie without any alterations in posture. By viewing the film, posture 
was aided in the children in CP-SwS. They stood more still and muscle activity decreased in 
the calf muscles (Study III; Table II and Figure 2). The finding that visual cues external to the 
body seemed to assist posture correspond to results from Donker et al., who reported that visual 
stimuli improved posture in children with unilateral CP 31. In our study the presence of an 
intensified visual stimuli assisted posture to some extent in the children who could better 
integrate sensory information. They adapted their posture to new environmental demands with 
muscle activity. This finding indicates that impaired proprioception most likely was present 
even in the children with milder CP, in accordance with the study by Wingert et al. (2009) 78.  
The finding that visual input influenced standing posture differently depending on standing 
ability strengthens the hypothesis that impairments in the sensory systems contributed to 
standing difficulties in the children with CP. Difficulties with spatial orientation, more 
specifically in perception of the environmental vertical reference, can be one possible sensory 
disturbance that contributes to the increase dependence on external cues such as vision and 
cutaneous input from the hands for standing in some children.  
Vision is not only important for overall body position, but also for the position of the head. In 
Study III, during the habitual standing condition, all children with CP stood with a considerable 
amount of head movements, which was more obvious in the children in the CP-SwS group 
(Table IV). Moreover, the head position seemed to be maintained more easily both while 
blindfolded and while watching the video compared to during the no-task condition (Study III; 
Table II). In a study by Saavedra et al. (2010) that investigated head stability during quiet sitting 
  37 
while vision was manipulated, it was found that children had difficulties in stabilizing the head, 
and that deficits worsened when the children were asked to close their eyes 112. In Study III, 
both the blindfolded task and the attention-task must be considered to require increased 
somatosensory and visual focus of attention which may explain the quieter head position. 
Difficulties stabilizing the head might indicate impairments in the vestibular system, which has 
important sensory functions, contributing to perception of self-motion, head position, and 
spatial orientation relative to gravity 22. The role of vestibular function for balance and 
movement has only sparsely been studied in children with CP, and more research in the field 
has been solicited in a recently published study by Berthoz et al. (2015) 23. 
 
5.2.5 Motor function 
In order to explore whether the ability to stand without support could be related to performing 
motor activities in positions on the floor (lying), to gradually more upright positions, and finally 
to walking in children with CP, motor capacity was assessed with the GMFM.  
To get an overall comprehension of the children’s motor ability the total GMFM-88 score was 
calculated in Study IV. About 30% of the items included in the test require unsupported 
standing or walking ability, and thereby could not be fulfilled by the children who required 
support to stand. As such, the total GMFM-88 score was lower in the CP-SwS group than in 
the CP-SwoS group (Table VII).  
By using the GMFM-88, the children’s motor abilities in the five dimensions (A to E) could be 
analyzed as a complement to the total GMFM-88 score 41. From the GMFM-88 dimension 
scores, we found practically no discrepancies in gross motor function abilities between the 
children in the CP-SwS and CP-SwoS groups, in positions close to the floor, but large 
discrepancies arose in positions that required maintenance of upright standing on the feet. In 
the dimensions that measured standing and walking activities, the children in the CP-SwoS 
group reached above 70% of the full scores, while the children in the CP-SwS group only 
reached around 30%. In the dimensions crawling and kneeling (C), sitting (B) and lying (A), 
children in both CP-SwoS and CP-SwS groups, reached more than 90% of the full scores. All 
children had a remarkably similar ability to perform the requested motor tasks, even though 
there was a large heterogeneity among the children (Table VIII).  
The children in CP-SwS were able to maintain posture in static positions and to perform 
dynamic movements in the direction of gravity to a good amount in positions other than 
standing. These children achieved sitting on a bench, crawled, attained high kneeling, and even 
walked on their knees, even though they require support when faced with the challenge of 
resisting gravity while standing. All named tasks require not only reasonable muscle strength, 
but also motor control and postural control, and can be regarded as rather complex motor tasks. 
During kneeling in particular, the children who require support to stand were sufficiently strong 
in performing complex motor activities in positions that offered a wide base of support. The 
observation that motor function difficulties can arise in an upright position on the feet has been 
reported previously. For example Brogren et al. (2001) reported that the children with different 
abilities to walk had similar abilities to perform motor tasks while sitting 91.  
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In another study Tieman et al. (2007) reported that some children preferred to crawl despite 
their ability to walk 47. More recently, Begnoche et al. (2016) reported that achievement of 
postural control in sitting or reciprocity in crawling were not good predictors for walking ability 
in young children with CP 44. These authors furthermore reported functional strength and 
dynamic postural control, measured as the ability to attain sitting and standing from a chair, to 
be a good predictors for walking ability 44.  
 
That children in CP-SwS move around unhindered on the floor and function well in sitting 
position indicates that impairments in the sensory systems contribute to standing difficulties in 
the CP-SwS group. Previously somatosensory disorders have been associated with difficulties 
during standing and walking in children with BSCP 29; 94. In Study IV, the children might use 
sensory information from the ground in positions such as lying, sitting and high kneeling to 
compensate for possible sensory disturbances. Cutaneous information from the hands have 
been reported to aid standing and walking with support by providing a reference frame external 
to the body 24. Cutaneous input might serve as an external reference frame that supports the 
sensory motor system to produce movements while moving around on the floor or in high 
kneeling in the children in CP-SwS. Cutaneous information from the hands serves the same 
purpose during standing with support 24. Thus, the children’s difficulties generating and guiding 
movements in positions that require spatial orientation may be caused by perceptive 
disturbances. In a previous study Ferrari et al. reported that motor function was strongly 
influenced by errors in analyzing information from the surrounding space, from the body 
position and from produced and received movements in some children with BSCP 38.  
 
5.3 METHODOLOGICAL CONSIDERATIONS AND LIMITATIONS 
Motor development in CP is commonly investigated from a GMFCS perspective, which 
provides an overall picture of a child’s motor performance in daily life activities 13; 14; 113. In 
this thesis, standing posture in children with BSCP was examined from the perspective of 
executing the task of standing in a laboratory setting. The present work was not intended to 
investigate standing function in daily life situations. 
The first pilot assessments in studies II-IV include investigation of standing posture in 
environments providing different external spatial reference frames, ranging from a narrow 
space while holding on, to gradually more challenging environments with no support or nearby 
reference frames, in an attempt to examine the importance of external visual and somatosensory 
input in all children, both TD and with BSCP. It soon became clear that it was not feasible or 
meaningful to test children who stood unsupported in many conditions.  
In Study III, the no-task situation in CP-SwS and CP-SwoS/TD groups can in some sense be 
considered as different conditions, as one incorporates somatosensory input from the cutaneous 
sensors in the hands, and one does not. It would have been ideal to collect standing with support 
data on all children in order to compare identical conditions. As such data was not available, 
care has been taken in this thesis to interpret the relevant results with regards to differences and 
similarities in motor behavior within the two groups of children with the heterogeneous 
diagnosis of BSCP, rather than as between-group differences. Furthermore, as the laboratory 
  39 
was only equipped with two force plates, it was not possible to measure the amount of hand-
held support required by the children in the CP-SwS group.  
Measuring muscle strength in children is challenging 114. This is particularly true for children 
with CP who, in addition, have both motor control deficits, and motor disorders such as 
spasticity, co-contraction and tight muscles, which are all considered to influence selectivity 56; 
68; 115. Nonetheless, measuring muscle strength with an HHD is a commonly used method in 
clinical practice, largely due to its relative feasibility compared to other dynamometry 
techniques. Several studies have reported on different strength measurements depending on 
children’s testing positions 88; 103. In this thesis, the testing positions were chosen in order to, as 
much as possible, reduce the influence of spasticity in the antagonist muscles, poor SMC and/or 
tight muscles of the above-mentioned difficulties. The positions were furthermore standardized 
as much as possible. 
Muscle strength was measured in two different seated conditions, in a secure sitting position 
on a chair with armrests and backrest as well as in a more insecure position on a stool, in an 
effort to explore whether spatial security influenced for the ability to produce force. In Study 
II, no differences in force production between the two conditions were detected. Most likely, 
the children with possible perceptual impairments had adopted compensatory strategies to 
avoid an expected feeling of insecurity, and were seated in a crouched position. To trigger 
possible perceptual impairments such as for example, a startle reaction, a test protocol which 
provokes balance by perturbing the children’s center of mass outside of the base of support 
would have been a useful complement in Study II. In a previous study by Ferrari et al. (2010) 
in which higher demands were placed on subjects by provoking stability limits in a sitting 
position, decreased ability to perform a reaching task was reported in children with perceptive 
impairments than in those without 38.  
Sample size of the study groups was small, and statistical sub analyses with even smaller 
groups were performed, which limits generalizability to other children with BSCP. 
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6 CONCLUSIONS AND CLINICAL IMPLICATIONS 
 Investigation of standing posture verified a crouched body position during standing 
which was more obvious in the children who required hand-held support to stand, 
representing almost half of the particpants in the study. 
  
 Muscle strength measurements indicated that the children in both groups were equally 
strong in the lower limb muscle groups despite their variation in standing abilities.  
 
 Gross motor function measurements indicated that the children who could not stand 
without support were as capable to perform motor activities in lying, sitting and 
kneeling positions as the children who stood unsupported.  
 
 Vision influenced posture differently depending on the children’s standing ability. 
During the attention demanding task, the children who stood unsupported stood more 
still and with less lower limb muscle activity. While blindfolded, they adapted their 
posture to the environmental change by activating muscles around the ankle with no 
changes in overall body position. In contrast, the children who required hand-held 
support to stand used another strategy; the already flexed body position became even 
more flexed, and muscle activity increased in the knee extensors while blindfolded, 
despite the use of external support.  
Motor disorders could not explain the support for standing or the crouched body position during 
standing, as children in both groups were equally strong in the lower limb muscles, and motor 
function abilities were rather similar in positions with no requirement of standing on the feet 
opposing gravity.  
The crouched body position and the reduced ability to maintain posture while blindfolded 
indicate proprioception deficits in the children who required support. The increased quadriceps 
muscle activity could be an indication of compensatory co-contraction caused by perceptual 
impairments. That motor function difficulty arises in a standing position opposing gravity 
indicates that standing difficulties may be attributable sensory and/or perceptual disturbances.  
Consideration to possible sensory disturbances and their influence on motor function should be 
given during clinical planning and decision-making to ensure not hampering the children’s 
solutions of organizing their standing and walking abilities. Furthermore, this knowledge 
should be transferred to other situations in the child’s environment to make mobility as 
enjoyable and useful as possible to the child. 
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7 FUTURE PERSPECTIVES 
In this work motor difficulties could be identified by using accessible measurement tools. The 
methods used did provide indications that possible sensory and/or perceptual disturbances 
might influence motor function. There are only few instruments feasible to differentiate motor 
disorders from sensory disturbances in children with CP. Future efforts are solicited to further 
develop relevant methods and identify signs that detect sensory disturbances and their 
consequences on motor function in children with the complex movement and posture disorder 
of CP. 
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